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+($ LV XVXDOO\ FRPSRVHGRI DW OHDVW ILYH HOHPHQWV LQ HTXLPRODURU QHDU HTXLPRODU SURSRUWLRQV7KHSULQFLSOH
EHKLQGWKHIRUPDWLRQRI+($LVWKHXWLOL]DWLRQRIWKHKLJKFRQILJXUDWLRQDOHQWURS\RIWKHV\VWHPZKLFKUHVXOWVLQD
VLPSOHVROLGVROXWLRQ)&&DQGRU%&&QDQRVL]HGSUHFLSLWDWHVRUHYHQDPRUSKRXVSKDVHVLQVWHDGRI LQWHUPHWDOOLF




6RPH RI WKH WHFKQLTXHV WKDW FDQ EH XVHG WR V\QWKHVL]H +($ DUH YDFXXP DUF PHOWLQJ UDSLG VROLGLILFDWLRQ DQG
0HFKDQLFDO$OOR\LQJ0$0$LVDKLJKHQHUJ\EDOOPLOOLQJSURFHVVWKDWFDQOHDGWRVWDEOHPLFURVWUXFWXUHVZLWK
EHWWHUKRPRJHQHLW\ZKHQFRPSDUHGWRWKHRWKHUQRQHTXLOLEULXPSURFHVVHV&KHQHWDO6XU\DQDUD\DQD
=KDQJ HW DO  0RUHRYHU 0$ FDQ DOVR OHDG WR D QDQRFU\VWDOOLQH VWUXFWXUH 1DQRFU\VWDOOLQH PDWHULDOV KDYH
FRQVLGHUDEOHSURPLQHQFHLQXVHZKHQFRPSDUHGWRFRQYHQWLRQDOPDWHULDOVRZLQJWRWKHLUPRUHJUDLQERXQGDU\DUHD
1DQRVWUXFWXUHG+($¶VZHUHUHSRUWHGWRKDYHKLJKZHDUUHVLVWDQFHDQGKDUGQHVVRUDURXQG*3D 9DUDODNVKPLHW
DO  ,Q RXU SUHYLRXV ZRUN $O&U&X1L)H=Q $O&U1L)H=Q +($ V\VWHP KDG EHHQ LQYHVWLJDWHG DQG UHVXOWV
VKRZHG WKDW WKH HTXLDWRPLF QDQRFU\VWDOOLQH $O&U&X1L)H=Q +($ SRVVHVVHG H[FHOOHQW LQWHJUDWHG PHFKDQLFDO
SURSHUWLHV 6DMLWK EDEX HW DO  .RXQGLQ\D HW DO  7KH SUHVHQW ZRUN DLPV DW V\QWKHVL]LQJ HTXLDWRPLF
PXOWLFRPSRQHQW QDQRFU\VWDOOLQH $O&R&U&X1L)H=Q KHSWDQDU\ KLJK HQWURS\ DOOR\ +($ E\ 0$ WKURXJK KLJK
HQHUJ\EDOOPLOOLQJ0LFURVWUXFWXUHHYDOXDWLRQZDVGRQHXVLQJ6(03KDVHHYDOXDWLRQGXULQJDQGDIWHUPLOOLQJDUH




DQG =Q LQ HTXLDWRPLF UDWLR ZLWK D PHVK VL]H  DQG SXULW\ !   0$ ZDV SHUIRUPHG LQ D KLJK HQHUJ\




Û ;¶SHUWKLJKVFRUHSOXVZDVXVHG WRPHDVXUHFU\VWDOOLWHVL]HDQGODWWLFHVWUDLQRIPLOOHGSRZGHUV 7KHHQHUJ\
GLVSHUVLYH ;UD\ ('; PLFURDQDO\VLV HTXLSSHG ZLWK VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0 ZDV XVHG IRU
FRPSRVLWLRQDODQGPLFURVWUXFWXUH DQDO\VLV 7*$'6&ZDVFDUULHGRXWRQKPLOOHG+($SRZGHUXVLQJ 1HW]VFK
67$) 7* '6& DSSDUDWXV ZLWK D KHDWLQJ UDWH RI  Û&PLQ LQ DUJRQ DWPRVSKHUH $O&R&U&X1L)H=Q +($
SRZGHUVFRQVROLGDWHGDWDSUHVVXUHRI03DDQGVLQWHUHGDWDWHPSHUDWXUHRI Û&IRU KU XVLQJDKRWSUHVV







GUDVWLFDOO\ GHFUHDVHV ZLWK LQFUHDVHG KRXUV RI PLOOLQJ $IWHU PLOOLQJ IRU  KRXUV WKH LQGLYLGXDO SHDNV KDYH
GLVDSSHDUHG FRPSOHWHO\ 7KH UHGXFWLRQ LQ WKH LQWHQVLW\ RI LQGLYLGXDO SHDNV DQG WKH IRUPDWLRQ RI D VLQJOH SHDN
LQGLFDWHVWKHIRUPDWLRQRIDVLQJOHVROLGVROXWLRQ<HKHWDO=KDQJHWDO$IWHUSURORQJHGPLOOLQJVRPH
DPRXQW RI SHDN EURDGHQLQJ LV REVHUYHG7KLV LV DWWULEXWHG WR WKH IRUPDWLRQ RI QDQRFU\VWDOOLQJ VWUXFWXUH WKH KLJK
ODWWLFHVWUDLQLQGXFHGGXULQJPLOOLQJ7KH;5'SDWWHUQVVKRZHGWKDWD%&&VROLGVROXWLRQKDVEHHQIRUPHGDIWHU
KRXUVRIPLOOLQJ*HQHUDOO\WKHODWWLFHVWUDLQLQFUHDVHLVGXHWRWKHVL]HPLVPDWFKHIIHFWEHWZHHQWKHFRQVWLWXHQW
HOHPHQWV  LQFUHDVHG JUDLQ ERXQGDU\ IUDFWLRQ DQG  H[FHVVLYHPHFKDQLFDO GHIRUPDWLRQ 6XL HW DO  7KH
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LQFUHDVHLQODWWLFHVWUDLQLQFUHDVHVWKHGLVORFDWLRQGHQVLW\ WKHUHE\VWUHQJWKHQLQJWKHPDWHULDO




DUH VLPSOH FU\VWDO VWUXFWXUHV LL HOHFWURQHJDWLYLW\ GLIIHUHQFH EHWZHHQ WKH HOHPHQWV FKRVH LV OHVV WKDW IDYRXUV WKH
IRUPDWLRQRIPHWDOOLFERQGDQGLQKLELWVWKH QRQPHWDOOLF ERQGIRUPDWLRQ /HHHWDO=KDQJHWDO=KRX
HW DO  DQG LLL WKH UHODWLYH DWRPLF VL]H GLIIHUHQFH LV OHVV WKDQ  7KH VROLG VROXELOLW\ H[WHQVLRQ LV
LQWURGXFHGE\ WKHHIIHFWRIKLJKHQWURS\RIPL[LQJWKH QRQHTXLOLEULXP QDWXUHRI0$SURFHVV$OVRDV WKH
QXPEHURIFRPSRQHQWVLQWKHV\VWHPLQFUHDVHVUDQGRPGLIIXVLRQEHWZHHQWKHHOHPHQWVLQFUHDVHVJUHDWO\GXHWRWKH
KLJK HQWURS\ RI PL[LQJ ZKLFK PD\ DOVR OHDG WR H[WHQVLRQ RI WKH VROLG VROXELOLW\0RUHRYHU WKH KLJK HQWURS\ RI
PL[LQJSUHYHQWVWKHIRUPDWLRQRIRUGHUHGSKDVHVDQG LQWHUPHWDOOLF UHVXOWLQJLQDVLPSOHVROLGVROXWLRQ +XQJ HWDO
9DUDODNVKPLHWDO:DQJHWDO
7KHFU\VWDOOLWHVL]HDQGODWWLFHVWUDLQZLWKYDULRXVPLOOLQJWLPHKDYHEHHQFDOFXODWHGIURP;5'XVLQJ;¶SHUWKLJK
VFRUHSOXV VRIWZDUH)LJ VKRZV WKHFU\VWDOOLWH VL]HDQG ODWWLFH VWUDLQYDULDWLRQZLWKPLOOLQJ WLPH$V WKHPLOOLQJ
SURORQJVFU\VWDOVL]HGHFUHDVHVWKH KUPHFKDQLFDOO\ DOOR\HGSRZGHUH[KLELWVDFU\VWDOVL]HRIQP7KHODWWLFH
VWUDLQRI+($SRZGHUVLQFUHDVHVZLWKLQFUHDVLQJPLOOLQJWLPHDQGWKHKPHFKDQLFDOO\DOOR\HGSRZGHUH[KLELWVD
ODWWLFH VWUDLQRI7KH LQFUHDVHG ODWWLFH VWUDLQ LV WKH UHVXOWRI WKH LQFUHDVHGGLVORFDWLRQGHQVLW\SURGXFHGE\
VHYHUHSODVWLFGHIRUPDWLRQGXULQJPLOOLQJ <DYDUL HWDO7KXVQDQRFU\VWDOOLQH $O&R&U&X1L)H=Q+($VLQJOH
SKDVHVROLGVROXWLRQZLWKVLPSOHVWUXFWXUHVXFKDV%&&FRXOGEHSURGXFHGE\PHFKDQLFDODOOR\LQJ

































































)LJXUH ;5'SDWWHUQRIPLOOHGSRZGHUVZLWKGLIIHUHQWPLOOLQJWLPH )LJXUH ;5'SDWWHUQRIFRQVROLGDWHG $O&R&U&X1L)H=Q +($
0LFURVWUXFWXUHDQG&RPSRVLWLRQ$QDO\VLV
7KH6(0LPDJHVRIWKHFRPSDFWHG $O&R&U&X1L)H=Q+($DUHVKRZQLQ)LJ)URPWKHLPDJHWKHSUHVHQFHRI
PXOWL SKDVHV LV HYLGHQW 7KH UHODWLYH TXDQWLW\ RI WKH WKLUG SKDVH LV YHU\ OHVV DQG LW LV YLUWXDOO\ LPSRVVLEOH WR
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FKDUDFWHUL]H WKH WKLUG SKDVH XVLQJ 6(0 ,W FDQ DOVR EH LQIHUUHG IURP WKH 6(0 LPDJH WKDW WKH QDQRVWUXFWXUH LV
UHWDLQHGE\WKHVROLGVROXWLRQHYHQDIWHUFRPSDFWLRQRISRZGHUDWDWHPSHUDWXUHRI&IRUKU7KHKRPRJHQHLW\
RI WKHFKHPLFDOFRPSRVLWLRQRI WKH$O&R&U&X1L)H=Q+($KHSWDQDU\KLJKHQWURS\DOOR\VKDVEHHQFRQILUPHG E\
('; PLFURDQDO\VLV )LJ  VKRZV WKH ('; VSHFWUXP REWDLQHG IRU $O&R&U&X1L)H=Q +($ FRQVROLGDWHG DW D
WHPSHUDWXUH RI  Û& IRU  KU 7KH QRPLQDO FRPSRVLWLRQ RI HDFK HOHPHQW LQ WKLV DOOR\ LV  DW DQG WKH
TXDQWLWDWLYHHOHPHQWDODQDO\VLVUHVXOWVIURP WKH(';VSHFWUXPLQ)LJFOHDUO\VKRZVWKDWWKHKRPRJHQHLW\DQGWKH
HTXLDWRPLFFRPSRVLWLRQLVPDLQWDLQHGLQHDFKSDUWLFOHRIWKHDOOR\HYHQDIWHUVLQWHULQJDWKLJKWHPSHUDWXUH





UDQJHRI WR Û&7KH ORQJH[RWKHUPLF OLQH IURP WRÛ& LVGXH WR WKH UHOLHYLQJRI LQWHUQDOVWUHVVHVDQG




WKHHQHUJ\DEVRUSWLRQRI WKH3&$HYDSRUDWLRQ=KDQJHWDO 7KHLQFUHDVHLQH[RWKHUPLFHQHUJ\RI WKHEDOO
PLOOHGSRZGHULVEHFDXVHRIWKHLQFUHPHQWLQODWWLFHVWUDLQJUDLQERXQGDU\DQGUHILQHGJUDLQVL]H7KHH[RWKHUPLF
HQHUJ\RIWKHKUEDOOPLOOHGDOOR\LVHVWLPDWHGWR EHDURXQGP:PJ7KHHQGRWKHUPLF FXUYHDSSHDUV DIWHUWKH
H[RWKHUPLFSHDNVDQGLWFDQEHDVVRFLDWHGZLWKJUDGXDOFROODSVHRIWKHFU\VWDOOLQHVWUXFWXUHXQGHUKLJKWHPSHUDWXUH
7KHHQGRWKHUPLFSHDNVDSSHDUDW Û&DUHGHVLJQDWHGPHOWLQJSRLQWRIWKH +($ 7KH7*FXUYH)LJVKRZVWKH
ZHLJKW FKDQJHRI WKH KU PHFKDQLFDOO\ DOOR\HGSRZGHU)URP7*DQDO\VLV DW D KHDWLQJ UDWH RI  Û&PLQ LW LV
REVHUYHGWKDWILUVWWKHJURVVZHLJKWGHFUHDVHVDWDQDPRXQWRI ZWDQGWKHQLWLQFUHDVHVDWDQDPRXQWRI  ZW
DVWKHWHPSHUDWXUHLQFUHDVHV7KHZHLJKWORVVLVWKHUHVXOWRIHYDSRUDWLRQRISURFHVVFRQWUROOLQJDJHQWXVHGGXULQJ
PLOOLQJ DQG RWKHU SKDVHV ZLWK ORZPHOWLQJ SRLQWV DQG WKHZHLJKW JDLQ FDQ EH DWWULEXWHG WR WKH VXUIDFH R[LGDWLRQ
9DUDODNVKPLHWDO=KDQJHWDO
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+($ GXULQJ DQG DIWHU LQGHQWDWLRQ 7KH KDUGQHVV DQG<RXQJ¶V PRGXOXV YDOXHV DV D IXQFWLRQ RI FRQWDFW GHSWK LV
VKRZQLQ WKHILJXUHDQG WKHVHYDOXHVDUHDOPRVWFRQVWDQWDWDOOSRLQWV7KHKDUGQHVVDQG<RXQJ¶VPRGXOXVYDOXHV
REWDLQHG IURP WKH QDQRLQGHQWDWLRQ PHDVXUHPHQWV IRU $O&R&U&X1L)H=Q +($ DUH  *3D DQG  *3D
UHVSHFWLYHO\ &RPSDUHG WR RWKHU +($ OLNH $O&R&U)H1L /L HW DO  )H1L&U&X&R )H1L&U&X0R
)H1L&U&X$O 6KXQ HWDOHWFWKHSUHVHQW$O&U)H1L=Q+($VKRZVKLJKHUKDUGQHVV&RPSDUHGWRWKH+($
WKDWZHGHYHORSHG$O&U&X)H1L=Q .RXQGLQ\DHWDO$O&R&U&X1L)H=Q+($VKRZVKLJKHUKDUGQHVV YDOXH




VL]H LQ QDQR VFDOH FDXVHV JUDLQ ERXQGDU\ VWUHQJWKHQLQJ 7KH SURSHUW\ OLNH VOXJJLVK GLIIXVLRQ RI DWRPV
QDQRFU\VWDOOLQHQDWXUHLQPLFURVWUXFWXUHSURYHV$O&R&U&X1L)H=Q+($LVDEHVWVXLWDEOHPDWHULDOIRUDZLGHUDQJH
RIKLJKWHPSHUDWXUHDSSOLFDWLRQV
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)LJXUH D7\SLFDOORDGGLVSODFHPHQWFXUYHEWKHKDUGQHVVDQG <RXQJ¶V PRGXOXVYHUVXVFRQWDFWGHSWK
&RQFOXVLRQV
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